Abstract Background The etiology of Hyperemesis gravidarum (HG) is unclear. To test the hypothesis of an association between Helicobacter pylori infection and HG, an institution-based case-control study was performed at Aker University Hospital (AUH) during 1994-1999. Material and method From the same source population, 244 incident cases of HG and 244 pregnant women free of the disease (controls) were consecutively identified. Results H. pylori were noted in 105 cases and 58 control subjects. The presence of H. pylori increased the risk of HG more than two fold (OR = 2.42, 95% CI: 1.64-3.57, P \ 0.001). This association was much stronger in Africans as compared to non-Africans (OR = 5.26, 95% CI: 1.04-26.57 vs. OR = 1.67, 95% CI: 1.07-2.61) after controlling for the confounding effect of maternal age. A gradient effect of exposure to H. pylori, determined by presence of specific IgG antibody in serum, and increased frequency of HG was present in Africans (test for linear trend P = 0.05) and non-Africans (test for linear trend P = 0.004). Conclusion These results indicate that H. pylori increase the risk of HG with a dose-response pattern and stronger in Africans.
Introduction
In about 80% of early pregnancy, women may experience various degrees of nausea and vomiting often referred to as morning sickness. On the end of the scale Hyperemesis gravidarum (HG) represents the most extreme condition, which occurs in 0.3-2% of all pregnancies [1] . HG is characterised by intractable vomiting leading to nutrition deficiency, dehydration, electrolyte, and acid-base imbalance. While morning sickness usually decreases in the second trimester, HG may persist throughout gestation requiring hospitalization. The etiology and pathogenesis of HG is not completely understood, and the treatment of the condition is symptomatic. Current evidence mainly focalises on pregnancy related endocrine and immunologic factors as the most important reasonable explanations of the condition besides hyperthyroid disorder and psychological factors [2] [3] [4] .
Helicobacter pylori, is a gram-negative spiral bacterium found in the stomach. Infection with H. pylori occurs worldwide, but the prevalence varies among countries and among population groups within the same country estimated to be about 20-50% in industrial countries [5] . Until Warren and Marshall discovered the bacteria in 1983, the normal human stomach had been regarded as an organ in which bacteria did not grow because of the acid medium [6] . Nowadays gastritis and peptic ulcer are considered infectious diseases and diagnosed by detection methods for the bacterium and thereafter medically treated [7] .
The last decade, H. pylori has been a candidate etiologic factor for HG [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . Many of the previous studies have been limited to relatively small sample size reporting only crude effect estimates. Aims of this study were to examine the association between H. pylori infection and HG and try to adjust for potential confounding factors and pinpoint effect modification.
Materials and methods
An institution-based case-control study was performed at Aker University Hospital (AUH) in Oslo, Norway from 1/1/1994 until 31/12/1999. All pregnant women admitted to AUH were considered potential subjects. During 1994-1999, a total of 23,417 deliveries were performed at AUH [27, 28] . A case of HG was defined as persistent and excessive vomiting starting before the end of 22nd week of gestation associated with metabolic disturbances and carbohydrate depletion [29] , which was the final diagnosis in the medical records. Pregnant women, not suffering from HG, who consulted the obstetric outpatient clinic at AUH were selected consecutively as controls. A total of 587 pregnant women were eligible for the study. Approximately equal proportions among cases and controls were excluded due to missing data and to obtain a one to one ratio of cases and controls (Fig. 1) . A de facto power analysis was done [30] . At least 244 cases and 244 controls were required considering a type I-error of 5%, a power of 90%, an H. pylori prevalence in control subjects of 20% and cases being two times more likely exposed to H. pylori compared to the controls (OR = 2.00).
Information regarding exposure to H. pylori was obtained by analyzing sera from cases and controls for specific IgG antibodies (HpIgG Ab) analyzed by a Pyloriset EIA-G III according to the manufacturer's instruction, which allow a presentation of the results as positive or negative [31, 32] . The EIA also allows for quantisation of the positive findings using the cut-off level as reference. HpIgG Ab in sera were analyzed by laboratory technicians blinded to the status of the patient (cases/controls). Sera stored at -20°C were available from the routine screening program in pregnant women. Information on maternal age, parity, ethnicity, employment, and smoking status were considered.
Epidemiological and statistical methods
The association between H. pylori and HG was our major hypothesis. The other variables were of interest as potential confounders or effect modifiers of this association. The odds ratio (OR) and its 95% confidence interval (CI) were used to quantify this association. A Breslow and Day test of heterogeneity was done to pinpoint effect modification. Confounders were identified and controlled univariately using the Mantel-Haenszel method. The confounding effect was quantified by comparing the adjusted MantelHaenszel OR to the crude OR. Assessment of interaction or effect modification was done also at the additive scale, as it is more important in public health [33] . An unconditional logistic regression model was used to control for multiconfounders. A Chunk test of interaction using the loglikelihood ratio was done [34] . Because estimates of exposure to H. pylori was done using a serology test with a sensitivity of 90.8% and a specificity of 91.5% [32] , independent of the status of the patients being a case or control, we needed to correct the estimated OR for nondifferential misclassification of exposure [34] . A MantelHaenszel test of linear trend was applied to pinpoint a dose response effect for different exposure levels of HpIgG Ab Fig. 1 Selection of subjects for the study [35, 36] . The etiologic fraction (EF) was estimated in the total study population EF ¼
where P e is the prevalence of exposure to H. pylori in the target population. The etiologic fraction was also estimated in only H. pylori exposed subjects EF e ¼ ORÀ1 OR [37, 38] . We used the strengthening the reporting of observational studies in epidemiology (STROBE) statement guidelines in reporting our case-control study [39] .
Results
The characteristics of the study population are presented in Table 1 . Cases were younger than the controls (mean ages ± standard deviation: 27.8 ± 4.9 vs. 30.5 ± 5.1 years; P \ 0.001), and more frequently Africans, unemployed, nullipara, and non-smokers as compared to the controls. The crude effect of the association between H. pylori and HG was OR = 2.42, 95% CI: 1.64-3.57, P \ 0.001. The crude effect adjusted for non-differential misclassification of exposure was OR = 3.11, 95% CI: 2.09-4.73 indicating a 28% stronger association between H. pylori infection and HG (Appendix). Table 2 shows the result of the stratified analysis. The Breslow and Day test of heterogeneity was non-significant for the variables considered, indicating non-existence of interaction on the multiplicative level. Unfortunately the test is underpowered. We had concern about African ethnicity being an effect modifier on the association between H. pylori and HG, as the OR for Africans was 5.71 while 1.72 for non-Africans. Also, a higher risk of HG was found in multipara compared to nullipara, there was difference in magnitude of the OR but not in direction. In current smokers a difference in magnitude and direction of the risk was found compared to non-smokers. Interaction was investigated using the additive scale and the results are summarized in Table 4 . Only presence of African versus non-African origin highlighted interaction on this scale. Finally Table 5 shows the adjusted effect of H. pylori on HG for Africans versus non-Africans in the total study population and the sub population of nonsmokers, showing a stronger association in Africans as compared to non-Africans when controlling for maternal age. Employment was excluded from the logistic model because it was highly correlated with ethnicity (only 16% of Africans were employed versus 68% of non-Africans; P \ 0.001). Assuming that the investigator unlikely misclassified an African, employment could be misclassified due to interviewer-patient bias and the resulting bias on the OR may be either toward or away from the null [40] .
A linear trend in the risk of HG with increasing levels of HpIgG Ab concentration was found, pinpointing a gradient relationship. This relation still exists for the two strata, more pronounced in Africans versus non-Africans (Fig. 2) . The Mantel-Haenszel chi-square test for linear trend was significant in Africans (P = 0.05) and non-Africans (P = 0.004). Assuming the observed association between H. pylori infection and HG as causal, one of four HG cases in the total population can be attributable to H. pylori infection (EF p = 25.27%, 95% CI: 15.58-34.96). In H. pylori seropositive Africans 82.5% of HG can be attributable to H. pylori (95% CI: 13.18-96.47) while in non-Africans, the estimated etiologic fraction in exposed was 41.8%, 95% CI: 10.63-62.10.
Discussion
In this institution-based case-control study we observed that H. pylori infection was associated with an increased risk of HG, a finding consistent with studies published earlier [8-16, 18, 41] . A dose-response association The interaction term Helicobacter pylori and smoking had created problems in the convergence of the maximum likelihood estimate even after 150 iterations. between HpIgG Ab concentration in sera and HG was observed much stronger in Africans as compared to nonAfricans.
Strengths of this study included sufficient statistical power to test the main hypothesis. The cases were hospitalized, providing consistent diagnostic criteria for HG. Data on the exposure variable was not affected by recall bias, and correction for the effect of a non-differential misclassification of exposure to H. pylori was done and potential confounding factors controlled for. The control subjects have been selected from the same source population that gave rise to the HG cases, although it would have been optimal if they had been selected randomly instead of consecutively. It could have been wise to consider other major risk factors for HG in the protocol as diabetes mellitus, gastrointestinal, endocrine, or psychiatric illness [42] , but it is not sure that they would have any confounding effect. No association was reported between H. pylori infection and diabetes mellitus [43] . Gastrointestinal disorders could be a confounder as H. pylori is associated with duodenal and gastric ulcers and the development of gastric cancer [5] . There was uncertainty about any relationship between H. pylori infection and asthma [44] . One study reported no association between H. pylori infection and thyroid hormone levels in a general population of blood donors [45] and we found no evidence linking elevated HCG level or psychiatric illness to H. pylori. Because of the small number of current smokers in this study, there was uncertainty about smoking being an effect modifier or confounder. Higher prevalence of H. pylori has been reported in smokers compared to non-smokers [46, 47] . The protective effect of smoking on HG we found has been reported by other investigators [4, 42, 48] and explained by the negative effect of maternal smoking on early placenta development considering nausea and vomiting in pregnancy as an expression of a well-functioning placenta. HG is common in young and nullipara females [1] . Parity, however, has been reported not as an 
The zero cell has been replaced by 0.5 to be able to calculate the stratum-specific odd and OR independent risk factor of HG when adjusted for maternal age [42] consistent with our findings. Effect estimates of the association between H. pylori and HG from previous case-control studies on different populations in different geographic areas, varies a lot in magnitude showing very strong positive associations to none. In 1998, Frigo et al. [8] first linked HG to H. pylori reporting a significant difference in H. pylori in patients with HG versus pregnant women without HG, and so did other authors the following years [9] [10] [11] [12] [13] [14] [15] [16] 18] . In 2003, Jacobson et al. [22] first reported no association between H. pylori and HG, followed by others [17, [23] [24] [25] [26] . One study using histological examination of mucosal biopsy, considered to be the gold standard diagnostic tool for testing H. pylori infection, reported that 95% of all HG patients tested positive for H. pylori compared with 50% in the control group [13] . An overall estimate of the association between H. pylori infection and HG based on 14 case-control studies was reported in a current meta-analysis [41] , showing an OR = 4.45 and a 95% CI from 2.31 to 8.54, where our crude estimate lies inside the 95% confidence interval.
We pinpointed ethnicity as an effect modifier on the association between H. pylori and HG. An elevated risk of HG in H. pylori-infected Africans compared to non-Africans might be explained by socioeconomic differences, as ethnicity and low socioeconomic status are correlated to H. pylori and HG [8, 18, [49] [50] [51] [52] . However, H. pylori-infected Africans possibly carries an aggressive variant of the bacterium and host immune mechanisms might be the key to different responses to H. pylori in different populations and geographic areas [51, 53] .
If pregnant women contracted a primary H. pylori infection this may have presented itself as nausea and possible vomiting. The evidence of an increased susceptibility to a primary H. pylori infection in pregnancy is scant [54] . We believe that primary H. pylori infection is uncommon among our cases as sera taken prior to present pregnancy, available in 25% of Africans and 35% of nonAfricans in the study population, were all anti-HpIgG positive. As far the biological plausibility of a doseresponse association, it has been suggested that a shift in pH in the gastrointestinal tract during pregnancy, due to an increased accumulation of fluid caused by elevated steroid hormones, could lead to the manifestation of a sub clinical H. pylori infection [2] . From biopsies of the gastric antrum and corpus, Bagis et al. [13] found significantly higher H. pylori density, degree of inflammation, and H. pylori activation in their HG patients and concluded that the degree of gastric complaints may be associated with density of H. pylori. Detection of IgG antibodies to various antigens of H. pylori has been used for diagnosis of the infection and also for determining eradication of the infection after antibiotic treatment. A fall of 50% in antibody levels after 6 months [55] or a 40% reduction after 3-6 months [56] indicate successful therapy, i.e., H. pylori elimination. Thus, high levels of HpIgG Ab may reflect high density of bacteria present supporting the findings of Bagis et al. [13] . The bacterial load and the virulence of the organism may be another factor creating a possible link between H. pylori and the precipitation of HG.
Conclusions
HG involves a complex interaction of biological and sociocultural factors, which has to be investigated further. However, the observed association between H. pylori infection and HG in this study indicates that H. pylori might be one among other important factors. As the prevalence of H. pylori is high in the general population and the etiological fraction twice as high in Africans compared to non-Africans, those finding could have a public health impact. 
